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Study of viability of high pressure extract from
pomegranate peel to improve carrot juice
characteristics†
João P. Trigo,a,b Elisabete M. C. Alexandre, *a,b Sara Silva,b Eduardo Costa,b
Jorge A. Saraiva a and Manuela Pintado b
Extracts from fruit processing by-products usually present high amounts of bioactive compounds with
several important activities such as antioxidant and antimicrobial capacities. In this work we studied (i) the
cytotoxicity profile of pomegranate peel extract and (ii) safety and quality aspects after incorporating this
extract in carrot juice – a beverage with low antioxidant potential and highly prone to microbial growth.
The extract was obtained by high-pressure extraction and was non-cytotoxic towards the Caco-2 cell line
after in vitro digestion. The non-cytotoxic pomegranate peel extract was added to carrot juice in a con-
centration of 5 mg mL−1. Fortified juices were processed by high-pressure and conventional heat and
stored under refrigeration. On the 28th day of storage, microbial counts in PPE-fortified juices were
reduced by 1.0 log10 CFU mL
−1 and the pressurized juices showed significantly fewer counts than the
thermal-treated ones. Just after processing, phenolic and flavonoid contents, as well as ABTS and FRAP
antioxidant capacities, increased 3.6, 3.5, 8.2, and 9.4-fold, respectively in the fortified juices. The extract
addition did not affect any colour parameter and all studied physicochemical parameters i.e. total soluble
solids, pH, colour, total phenolics, flavonoids, hydrolysable tannins, and antioxidant capacity remained
constant throughout storage. These findings could pave the way towards the development of safe bev-
erages with improved bioactive properties.
1. Introduction
Most extracts from fruit processing by-products present bio-
active properties, so their incorporation in food products has
been considered an area of special relevance in science and
food industry as consumers nowadays demand safer and
health-promoting foodstuffs e.g. with antioxidant activity.1,2
Antioxidants can help preventing more than 100 pathologies
including cardiovascular diseases, cancer, diabetes and degen-
erative processes related to ageing.3 Despite holding beneficial
properties to the body, the extraction protocol may assign toxic
characteristics to these natural extracts; thus it is essential
to evaluate their toxicity before introduce them in food
formulations.2
Traditional extraction technologies present several draw-
backs, such as long extraction time, high solvent consumption,
and low extraction yields. To overcome such limitations, high
pressure-assisted extraction (HPE) – an innovative extraction
method – has been developed and has shown great efficiency
in recovering bioactive compounds from by-products
matrixes.4 For instance, Alexandre et al. (2017) employed HPE
to extract phenolic compounds from pomegranate peel. Total
phenolic content and antioxidant activity increased 13% when
compared to atmospheric pressure extraction.5 To the best of
our knowledge, no study reported the safety (absence of cyto-
toxicity) of a HPE-obtained extract rich after the impact of gas-
trointestinal tract passage and using the Caco-2 cell model.
Our work aimed to study the safety (cytotoxicity) of a by-
product rich in bioactive compounds and increase the com-
mercial value of carrot juice. Herein, HPE was employed as a
green extraction methodology to obtain a pomegranate peel
extract and after in vitro digestion, its cytotoxicity was evalu-
ated towards Caco-2 cell line. Then, the extract was incorpor-
ated in raw carrot juice aiming to improve its low antioxidant
potential and microbial safety. High-pressure and thermal
methodologies were used as green and conventional proces-
sing techniques to preserve the juices, respectively. The juices’
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microbiological quality (total aerobic mesophiles, total aerobic
psychrophiles, and yeasts and moulds) and physicochemical
parameters (total soluble solids (TSS), pH, colour, total pheno-
lics, flavonoids, hydrolysable tannins, and antioxidant
capacity) were assessed. The effect of adding PPE in carrot
juice and the effect of the processing condition will be dis-
cussed in this work.
2. Materials and methods
2.1. Preparation of pomegranate peel extract
Pomegranate peel was chosen for two major reasons: (i)
growing evolution of pomegranate market; and (ii) high
content in phenolic compounds.2,6 Ripe pomegranates
(around 70 kg) were harvested in Évora, Portugal. The peels
were manually separated from the fruit and dried at 40 °C.
Dried samples were then frozen in liquid nitrogen, grounded
in a colloid mill, and stored at −20 °C until used for HPE.
High pressure-assisted extraction was selected as it is a
green and non-thermal extraction methodology that preserves
better the antioxidant properties of the extracts.5,7 The extrac-
tion was conducted in low permeability polyamide–polyethene
(PA/PE) bags containing 8 g of ground pomegranate peel and
500 mL of deionized water. These bags were pressurized at 400
MPa for 30 min at room temperature in a high-pressure equip-
ment (Model 55; Hyperbaric).8 After pressurization, the
extracts were centrifuged at 12 880g for 10 min at 4 °C and the
supernatant was filtered and collected. Subsequently, the fil-
tered extracts were freeze-dried and stored in a desiccator shel-
tered from light. The phenolic compounds profile and anti-
oxidant capacity of this pomegranate peel extracts were pre-
viously studied by Alexandre et al. (2018).8
2.2. Cytotoxicity assessment
2.2.1. In vitro digestion. To study the effect of the gastroin-
testinal tract conditions upon PPE, a simulation of gastrointes-
tinal conditions throughout mouth, stomach, and duodenum
was performed using characteristic enzymes, pH values, temp-
erature, and peristaltic movements.9 The initial pH value of
the filtered PPE was adjusted to 5.9 with a sodium bicarbonate
solution (1 M). Thereafter, to simulate mouth digestion,
0.6 mL of α-amylase solution (100 U mL−1) prepared in
calcium chloride (1 mM) was added. Incubation took place in
a water bath for 1 min at 37 °C and 200 rpm. To mimic
stomach digestion the pH was adjusted to 2.0 using hydro-
chloride acid (1 M) and 0.05 mL of pepsin solution (25 mg
mL−1) per mL of sample was added. Incubation lasted 60 min
at 37 °C and 130 rpm. Lastly, duodenum digestion was repli-
cated by adjusting the pH to 6.0 with sodium bicarbonate (1
M) and adding 0.25 mL of a solution containing pancreatin
(2 mg mL−1) and bile salts (12 mg mL−1) per mL of sample.
Incubation took place for 120 min, at 37 °C and 45 rpm. All
assays were performed in duplicate. The digested extracts were
freeze-dried, re-suspended in ultra-pure water in a concen-
tration of 40 mg mL−1, and sterilized with a 0.22 μm sterile
membrane to analyse their cytotoxicity by 2,3-bis(2-methoxy-4-
nitro-5-sulfo-phenyl)-2H-tetrazolium-5-caboxanilide (XTT) cell
viability assay.
2.2.2. XTT cell viability assay. Prior to performing the test,
caucasian colon carcinoma (Caco-2) (ECACC 8601020) cells
were grown using high glucose DMEM supplemented with
10% (v/v) heat-inactivated FBS, 1% (v/v) Pen-Strep, and 1%
(v/v) of non-essential amino acids 100×. Incubation took place
at 37 °C in a humidified atmosphere with 5% of carbon dioxide.
To perform the XTT cell viability assay, 100 µL of cell sus-
pensions were seeded into well microplates. After seeding, the
culture medium was then replaced with the different test solu-
tions and incubated in the dark. The test solutions consisted
of digested PPE mixed with high glucose DMEM to attain the
following extract concentrations: 5, 10, and 20 mg mL−1 After
24 h of incubation, a PMS solution (10 mM) was prepared in
PBS (0.01 M, pH 7.4) and an XTT solution (1 mg mL−1) was
prepared using the above-mentioned culture media, previously
warmed to 37 °C. Both solutions were sterilized and, immedi-
ately before being used, were mixed in a ratio of 1 : 400,
respectively. Aliquots (25 µL) of the PMS-XTT solution were
added to each well and the cells incubated, in the dark, for
2 h. Thereafter, absorbance was measured at 485 nm. Plain
culture media was used as a blank and all assays were per-
formed in quintuplicate.
2.3. Carrot juice preparation
Carrot juice was selected as the food product to be modified
since it has relatively lower antioxidant potential than other
vegetable juices and is highly prone to microbial growth due to
its pH (6.0–6.5) and water activity (aw > 0.85).
10,11 Carrots
(Daucus carota var. Nantes) were acquired in a local market
(Porto, Portugal) and then washed and their edges cut. To
produce the juice, a high-speed juice extractor was used, and
the pomegranate peel extract was added to the juice in two
different concentrations (0 and 5 mg PPE per mL juice). The
extract concentration of 5 mg mL−1 was selected as reported by
other studies, which supplemented different food products
with PPE.12–15
About 30 mL of juice aliquots were placed in PA/PE bags
and pressurized at 600 MPa for 10 min. This processing con-
dition was selected since the residual enzymatic activity of
polyphenol oxidase was the lowest (11%) within the pressure
range tested by Kim et al. (2001).16 High-pressure processing
was carried out in the same equipment used for HPE. For
thermal pasteurisation (TP), juice aliquots (30 mL) were pro-
cessed at 80 °C in a water bath for 7 min as suggested by
Picouet et al. (2015).17
All samples were analysed in duplicate and stored at 4 °C in
the dark. The sampling times for TP- and HPP-treated juices
were 0, 7, 14, 28, and 42 days, whereas for untreated samples
the chosen days were 0 and 2. For microbiological, colour, pH
value, and TSS analyses, the samples were directly analysed,
while for the remaining physicochemical parameters all
samples were centrifuged at 18 659g for 10 min and the super-
natant was collected to Eppendorf tubes and frozen at −80 °C.
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Total aerobic mesophiles and total aerobic psychrophiles were
enumerated in plate count agar. Plates were then incubated at
30 ± 1 °C and 7 ± 1 °C during 3 and 5 days, respectively.18,19
Yeasts and moulds were enumerated in Rose-Bengal plates at
an incubation temperature of 25 ± 1 °C during 3 days.20
Results were expressed as the decimal logarithm of colony








where CFU is the number of counted colonies, V corresponds
to the plated volume (mL) and DF is the dilution in which was
possible to count the colonies. The quantification limit associ-
ated with the method was 2.78 log10 CFU mL
−1 To avoid ana-
lysing highly spoilage juices, a maximum load of 6.00 log10
CFU mL−1 was considered, which was the same found in litera-
ture for watermelon and sweet cherry juices.21,22
2.5. Physicochemical analysis
2.5.1. Total soluble solids, pH, and colour measurements.
The pH values were measured using a potentiometer equipped
with a Crison 52-08 electrode and the TSS content was
obtained as Brix percentage using a Palette PR-32α refract-
ometer. The L* (lightness), a* (red-greenness), and b* (blue-yel-
lowness) were evaluated using a Konica-Minolta CR-400 chro-
mameter. The values of each parameter were obtained in order
to calculate the total colour change variation (ΔE*), as shown
in eqn (2),
ΔE ¼ ½ðL L0Þ2 þ ða a0Þ2 þ ðb b0Þ2
1
2 ð2Þ
where ΔE* is the total colour change variation between a
sample and the control (initial values identified with the sub-
script “0”).
2.5.2. Total flavonoids, hydrolysable tannins, and pheno-
lics. To determine the total flavonoids content the method
reported by Cruz et al. (2014) was followed.23 Briefly, about
750 µL of 2% (w/v) AlCl3 in methanol was mixed with the same
volume of sample. The blank consisted of 750 µL sample with
750 µL of methanol. After 10 min in darkness at room temp-
erature, the absorbance was read at 415 nm. Quercetin was
used as standard and the results were expressed as quercetin
equivalents in mg mL−1 juice.
Hydrolysable tannins content was assessed by the method
of Saffarzadeh-Matin et al. (2017).24 Sample aliquots (500 µL)
and 2.5 mL of KIO3 solution (25 g L
−1) were mixed in a sample
tube. After 8 min the absorbance was measured at 550 nm. A
calibration curve was established using tannic acid as stan-
dard. The results were expressed as tannic acid equivalents in
mg mL−1 juice.
Total phenolics content (TPC) was evaluated by the Folin–
Ciocalteu method25 with slight modifications as reported by
Oliveira et al. (2014).26 Total phenolics content was evaluated
by mixing 50 µL of sample with 50 µL of Folin–Ciocalteu
reagent, 1 mL of Na2CO3 (75 g L
−1), and 1.4 mL of distillate
water. After 1 h in the dark at room temperature, the absor-
bance was measured at 750 nm. Gallic acid was used as a stan-
dard and the results were expressed as gallic acid equivalents
in mg mL−1 juice.
2.5.3. Antioxidant capacity – FRAP and ABTS assays. FRAP
assay was based on the procedure described by Pulido et al.
(2000).27 The FRAP working solution was prepared daily with
acetate buffer (300 mM, pH 3.6), TPTZ (10 mM in 40 mM HCl)
and FeCl3·6H2O (20 mM) in a ratio of 10 : 1 : 1, respectively. A
volume of 150 µL of the sample was mixed with 2850 µL of
FRAP reagent. Thereafter, samples were incubated at 37 °C for
30 min in the dark and absorbance values were read at 595 nm
versus the prepared water blank. Ammonium iron(II) sulfate
(AIS) was used as standard and antioxidant capacity was
expressed in mg AIS equivalents per mL juice.
The juices’ radical scavenging ability for the radical cation
ABTS•+ was performed according to the method described by
Re et al. (1999).28 Briefly, ABTS•+ was generated by reacting an
ABTS aqueous solution (7 mM) with K2S2O8 (2.45 mM). This
stock solution was incubated in the dark at room temperature
for 16 h before use. The ABTS•+ solution was diluted with
ultra-pure water to an absorbance of 0.700 ± 0.02 at 734 nm.
Ten microliters of sample were mixed with 1.0 mL of diluted
ABTS•+ solution and the absorbance at 734 nm was read after
6 min. Ascorbic acid solutions were used as standard and the
juices’ antioxidant activity was expressed as ascorbic acid
equivalents in mg mL−1 juice.
2.6. Statistical analysis
The statistical analysis of the results was conducted using
SPSS Statistics v25.0.0.0 software. The Student’s t-test was
employed, and the differences were considered statistically sig-
nificant at a 5% confidence degree level though differences
significant at a 1% level were also marked. All results were
expressed as mean ± standard deviation. The statistical ana-
lysis of all results was added to the ESI.†
3. Results and discussion
3.1. XTT cell viability assay
When compared to the control with only cell media, the
in vitro digested PPE promote cellular metabolism as negative
inhibition values between −14.3 ± 0.6 and −20.4 ± 2.2% were
found (p < 0.05) (Fig. 1). Pomegranate peel extract is known for
having considerable amounts of punicalagin and ellagic acid,
being the former hydrolysed during digestion under acidic
(gastric phase) and alkaline (duodenal phase) conditions yield-
ing gallic and ellagic acids.29,30 The beneficial health pro-
perties of pomegranate have been largely attributed to these
ellagitannins as reviewed by Danesi and Ferguson (2017).31
However, studies regarding its safety point towards different
conclusions; probably because its consumption or long-term
administration above a certain threshold may lead to toxic
effects. Different models were used to assess the safety of PPE,
such as cells32,33 (e.g. bovine kidney epithelial cells and
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human cells), mice,34–36 and Artemia salina, Allium cepa, and
zebrafish toxicity tests.12,37,38 Five of these studies found that
PPE can have potential cyto- or genotoxic effects. Therefore,
additional screening models with biological relevance should
be used to determine the safety of PPE for food applications.
As far as we know, we demonstrated for the first time the
absence of cytotoxicity of PPE, after the impact of gastrointesti-
nal tract passage and using the human intestinal Caco-2 cell
line. Furthermore, to the best of our knowledge, this is the
first study to analyse the cytotoxicity of HPE-obtained extracts.
3.2. Microbiological analysis
Microbial counts (log10 CFU mL
−1) of total aerobic mesophiles,
psychrophiles, yeasts and moulds in carrot juice throughout
storage time are shown in Fig. 2. During storage, the extract
Fig. 1 Effect of increasing doses of in vitro digested PPE on the meta-
bolic inhibition of Caco-2 cells. Different lower letters mean significant
differences between PPE concentrations (p < 0.05).
Fig. 2 Evolution of (A) total aerobic mesophiles, (B) psychrophiles, and (C) yeasts and moulds counts during storage of carrot juices. Within the
same day different upper letters mean significant differences between treatments (p < 0.05); within the same day different lower letters mean signifi-
cant differences between pomegranate peel extract concentrations (p < 0.05).
Paper Food & Function



















































addition did not significantly change (p > 0.05) the microbial
load in unprocessed juices (Fig. 2A and B). Furthermore, both
pasteurization techniques reduced the mesophiles, psychro-
philes, and yeast and moulds counts from 6.40 ± 0.04, 6.45 ±
0.12, and 5.02 ± 0.07 log10 CFU mL
−1, respectively, to levels
below the quantification limit (<2.78 log10 CFU mL
−1).
Throughout storage, mesophiles and psychrophiles counts
remained below the quantification limit for 14 days (Fig. 2A
and B), whereas no yeast and moulds were detected during the
entire storage period (Fig. 2C). Zhang et al. (2016) also found
that yeasts and moulds were the most heat- and pressure-sensi-
tive microbial group in carrot juice.39 On day 28, mesophiles
and psychrophiles groups exhibited lower counts in HPP
samples when compared to TP samples (p < 0.01). Besides, for
both microbial groups, PPE supplementation led to a signifi-
cant decrease of about 1.1 and 0.9 log10 CFU mL
−1 (p < 0.05)
in HPP and TP-treated juices, respectively.
These results come in line with previous works where HPP
and TP successfully controlled microbial growth to low or
undetectable levels just after processing carrot juice.16,40,41 It
is reported that HPP is more effective in delaying microbial
growth when compared to TP.17 Pomegranate peel extract
showed antimicrobial activity when incorporated in beverages
such as apple juice and dealcoholized wine.12,42 When com-
pared to carrot juice, these food matrices are less prone to
microbial spoilage due to their physicochemical characteristics
e.g. low pH and relatively high content in phenolic com-
pounds. Moreover, recent works about the fortification of bev-
erages with fruit and vegetable by-products, focused mainly on
low perishable matrices such as orange juice, grape juice and
fermented beverages.2 Thus, we consider that PPE fortification
in highly perishable matrices like carrot juice has more com-
mercial and scientific relevance to the topic of food by-pro-
ducts valorisation.
A study conducted with the same pomegranate peel as in
the present work found that it holds a considerable content in
phenolic compounds, especially in hydrolysable tannins.8 It is
known tannins may act as antimicrobials through the follow-
ing mechanisms: (i) inhibition of enzymatic activity; (ii)
binding to substrates such as minerals, vitamins and carbo-
hydrates making them unavailable for microorganisms; and
(iii) absorption of phenols through the cell wall, resulting in a
disruption of the membrane structure and function.43,44
3.3. Physicochemical analysis
3.3.1. Total solids content, pH, and colour measurements.
The presence of PPE in carrot juices increased TSS content in
all sampling points (p < 0.05) but the nature of treatment and
storage time had not a significant effect (Fig. S1B†).
Regarding pH, the initial pH value of non-fortified and for-
tified carrot juice was 6.42 ± 0.00 and 5.76 ± 0.01, respectively
suggesting that PPE had a significant impact on pH (p < 0.05)
(Fig. S1A†). Over storage, the type of treatment did not affect
pH values (p > 0.05).
The evolution of the colour parameters (L*, a*, b*, and ΔE*)
is presented in Fig. S2A–D.† Globally, the L* parameter was
not affected by PPE, but the type of treatment had a significant
impact (p < 0.05). Heat treatment led to higher L* levels when
compared to the HPP treatment (Fig. S2A†). Furthermore, an
increase in L* values for all samples was noticed in the first
week of storage. From day 7 onwards, the L* remained con-
stant (p > 0.05). The pasteurization technique also influenced
(p < 0.01) the a* and b* parameters (Fig. S2B and C†), albeit
PPE supplementation did not display a significant impact
upon these two colour indicators (p > 0.05), with the exception
of day 14 (p < 0.05). Concerning ΔE* (Fig. S2D†), PPE did not
influence this parameter (p > 0.05), apart from day 14 of
storage. Moreover, on day 0, HPP was comparable to the
untreated group (p > 0.05), whereas heat treatment was signifi-
cantly different from the latter (p < 0.05). This difference was
evident throughout the entire storage period (p < 0.05). For
example, on day 7, the ΔE* changed between 1.2–2.0 and
22.1–32.1 for HPP- and TP-treated juices, respectively.
Despite the instrumental colour differences between non-
supplemented and supplemented juices depicted in Fig. S2B–
D,† the statistical test did not indicate any statistical difference
(except on day 14), since this test creates two groups (0 and
5 mg PPE per mL juice) regardless the nature of the preser-
vation treatment. In a subsequent study (already published),
we were able to decrease these colour differences by reducing
the fortification doses to 1 and 2.5 mg mL−1.45 From a com-
mercial view, the reduction of PPE concentration will decrease
the cost associated with obtaining the PPE and will avoid poss-
ible sensory effects related to PPE-fortified food products since
tannins bind to salivary proteins and produce a taste that
humans identify as astringency.42,46,47
The strongest impact on carrot juices’ colour was mainly
due to the processing conditions. Indeed, colour changing in
food products after HPP and TP has been frequently discussed
in the literature. Gong et al. (2015) reported an increase in ΔE*
values after processing carrot juice with HPP at 300–500 MPa
for 15 min at 40–60 °C (2.7 < ΔE* < 5.3), yet this increase was
sharper in TP samples (ΔE* = 6.42).48 Dede et al. (2007) also
concluded that the application of high-pressure (250 MPa,
15 min, 25–35 °C) in carrot juice had a smaller effect on ΔE*
than did TP throughout 30 days of storage.40
3.3.2. Total flavonoids, hydrolysable tannins, and pheno-
lics. Flavonoids are one of the main phenolics groups in pome-
granate peel, being at a concentration of, approximately, 313 ±
3 mg quercetin eq. per g dry matter.49 Just after processing,
HPP and TP-treated juices displayed a TFC similar to the UT
samples (p > 0.05) (Fig. 3A). Despite no significant differences,
heat treatment retained, on average, more 35% of flavonoids
for fortified juices, when compared to HPP. Possible reasons
for the lower TFC in pressurized juices could be due to the
polymerization of phenolic compounds with proteins as well
as to their oxidative degradation.50,51 Adding PPE to carrot
juice improved the TFC (p < 0.05); for instance, on day 0,
HPP-5 and TP-5 had a 6.3 and 8.1-fold increase in TFC,
respectively, when compared to UT-0. No clear effect of
storage time was noticed between the start and end of storage
(p > 0.05).
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Hydrolysable tannins content increased from undetectable
levels in non-supplemented juices to 0.613 ± 0.062 and 0.952 ±
0.044 mg tannic acid eq. per mL juice for HPP- and TP-treated
juices, respectively (Fig. 3B). Thermal treatment resulted in sig-
nificantly higher content of hydrolysable tannins when com-
pared to HPP (p < 0.05). This can be attributed to the thermal
hydrolysis of tannins, which release less complex tannins as
well as ellagic and gallic acids, thus masking the potentially
negative effect of heat upon these compounds.52
No significant variations on TPC (Fig. 3C) were found
between days 0 and 28 of storage as well as between HPP and
TP samples (p > 0.05). Similar results were reported by Xu
et al. (2016), which studied the quality features of HPP and TP-
treated banana puree.53 Concerning the effect of PPE, fortified
carrot juices displayed improved TPC levels (p < 0.01). For
instance, on day 0, PPE-supplemented samples showed a 3.2-
fold increase on TPC, when compared to the untreated juice
without PPE (p < 0.01), probably due to the extract presence.8
These increments were kept throughout storage (p > 0.05).
Ismail et al. (2016) also reported an increase of 1.64-fold on
TPC when PPE was incorporated in wheat flour cookies at a
concentration of 2.5 mg PPE per g flour.13 Similar results were
found when PPE was added to dealcoholized wine,42 ice-
cream,54 curd,55 and carabeef nuggets.56 The similarity of TPC
between both treatments can be explained by the presence of
other subfamilies of phenolic compounds, such as phenolic
acids – known to be present in pomegranate peel.57
3.3.2. Antioxidant capacity – FRAP and ABTS assays. Data
of in vitro antioxidant capacity of carrot juices measured by
ABTS and FRAP methods are shown in Fig. 4A and B. FRAP
method relies on the reduction of the complex Fe3+-TPTZ to
Fe2+-TPTZ in the presence of antioxidants.27 When compared
to UT group, HPP and TP kept the ability of carrot juices to
reduce the complex Fe3+-TPTZ (p > 0.05) (Fig. 4A). After proces-
Fig. 3 Evolution of the total contents of (A) flavonoids, (B) hydrolysable
tannins, and (C) phenolics during storage of carrot juices.
Fig. 4 Evolution of (A) FRAP and (B) ABTS values during storage of
carrot juices.
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sing, the addition of PPE improved FRAP values (p < 0.05) in
4.7- and 8.8-times for HPP-5, and TP-5, respectively, in com-
parison with UT-0. No decline in antioxidant activity was
observed over storage (p < 0.05). For the ABTS assay (Fig. 4B),
no differences were detected between treatments on day 0 (p >
0.05). Furthermore, fortification with PPE improved ABTS
values up to 7.6-, 6.0, and 7.9-times for UT-5, HPP-5, and TP-5,
respectively, comparatively to UT-0 (p < 0.05). Antioxidant
activity assessed by this method remained constant (p > 0.05).
Although TP-fortified juices had experimental higher FRAP
and ABTS values than HPP-fortified juices, the effect of treat-
ment in both assays was not significant (p > 0.05). It is
reported that antioxidant capacity increases after partial
thermal hydrolysis of hydrolysable tannins.58,59 The anti-
oxidant capacity of phenolic compounds depends, among
other structural features, on the number of hydroxyl groups,
which donate hydrogen ions or electrons.60 Thus, as gallic acid
is released during heat pasteurization, the newly formed
hydroxyl groups on the galloyl group contributed to higher
antioxidant potential.59
Some studies also stated that PPE incorporation in food
products can improve their antioxidant capacity. For instance,
Altunkaya et al. (2013) enriched apple juice with PPE
(10–20 mg PPE per mL juice) and found higher antioxidant
capacity (1.4- to 2.1-fold increase), whereas an improvement of
1.6- to 4.2-times in antioxidant activity was reported for wheat
flour cookies enriched with a PPE concentration ranging from
2.5 to 10 mg PPE per g flour, respectively.12,13 Similar outputs
were described for fruit puree fortified with dried raspberry
pomace extract,61 fresh orange juice enriched with banana
peel extract,62 carrot juice supplemented with orange peel and
pulp extract,63 and grape juice fortified with grape press oil
cake extract.64
4. Conclusion
The extract was not cytotoxic and could promoted cell viability.
Fortified juices showed lower counts than the non-fortified
ones for total aerobic mesophiles and psychrophiles. No yeasts
and moulds were detected during storage. Increasing doses of
the extract incremented TSS and decreased pH of carrot juice.
Total phenolics, flavonoids, and hydrolysable tannins con-
tents, as well as antioxidant activity (assessed by FRAP and
ABTS), were always higher in supplemented juices during the
28 days of storage. Generally, the extract addition did not affect
any colour parameter (L*, a*, b*, and ΔE*). High-pressure pro-
cessing outperformed heat treatment in the microbiological
analysis i.e. HPP-treated samples exhibited significantly lower
counts, whereas heat-treated juices had significantly more
hydrolysable tannins and antioxidant activity (not statistically
significant).
These findings indicate that the incorporation of PPE in
carrot juice at a concentration of 5 mg mL−1 improves its
microbiological safety and antioxidant activity over storage
without apparent colour losses.
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